SUMMARY Sucralfate possesses site protective and cytoprotective actions and heals ulcers effectively, but its effect on gastric mucosal blood flow is unknown. Using an ex vivo gastric chamber preparation, we studied the effect of sucralfate on gastric mucosal blood flow in rats by laser doppler flowmetry. Under both fasting and fed states, measurements of gastric mucosal blood flow and damage were made in rats after topical application of absolute ethanol alone or after pretreatment with sucralfate. Gastric mucosal damage was assessed by measuring the total area of haemorrhagic mucosal lesions. Ethanol induced gastric mucosal lesions were significantly less with sucralfate pretreatment than without (p<0O008). Mucosal blood flow significantly fell after ethanol application (p<0001). The fall was significantly less in fed than in fasted rats (p<005), and after pretreatment with sucralfate 100 mg or 200 mg than without in both fasted (p<0O0008 and 0.00001, respectively) and fed (p<0002 and 0-001, respectively) rats. Graded doses of sucralfate (25-400 mg) resulted in an increase in gastric mucosal blood flow in a dose dependent manner (r=0.731, p<0001). In conclusion that sucralfate increases gastric mucosal blood flow in rats and lessens the fall in blood flow in rats treated with ethanol, and this action may contribute to its protection against the vascular damage of mucosa by ethanol.
used for the study. The animals were housed in an air conditioned room in which temperature was maintained at 22 (1) °C and humidity at 65-70%. They were fed a standard pellet diet (Ralston Purina Co, Chicago, USA). A gastric chamber preparation was used, as described previously."1 In brief, the animals were anaesthetised with sodium pentobarbital (Abbott, 50 mg/kg intraperitoneal) and kept warm with a heating lamp. Their trachea was cannulated and a midline laparotomy was carried out. The stomach was exposed and its pylorus and the cardiac end were ligated with linen thread before performing subdiaphragmatic vagotomy. The organ was then drawn up through a central oval aperture in a plexiglass platform placed immediately above the animal and opened along the greater curvature. The stomach was spread out, mucosal surface uppermost, on the platform. An ex v,iv,o gastric chamber was thus made, with the major vasculature being left intact. The glandular mucosa in the chamber was first washed with three changes of deionised water.
Gastric mucosal damage was induced by topical application of 1.5 ml of 100% ethanol. 1 5 ml 1()5% methylcellulose+ 1.5 ml EtOH 2 1 5 ml (125% methylcellulose+ 15 ml deJonised water 3 Sucralfate 1(() mg in 15 ml ()25%) methylcellulose+ 1I5 ml EtOH 4 Sucralfate 2(0(0 mg in l ml 1.250) methylcellulose+ 5 ml EtOH D)ose response stitls' Withlouit etliatiol
The following doses of sucralfate in 1.5 ml 0)25% methylcellulose were used in fasted rats (5 rats for each dose) 1 25 mg 2 5( mg 3 10(X) mg 4 2(X) mg 4(X mmg Witli etthatiol Ulcer index and mucosal blood flow were studied in fasted rats treated with ethanol as abose and pretreated with the following doses of sucralfate (8 rats for each dose) 1 (Fig. 3) .
Effect of the vehicle
In rats treated with deionised water instead of ethanol, there was no significant difference in blood flow in rats bathed in methylcellulose compared with those bathed in deionised water (Fig. 4) .
Effect ofsucralfate
Gastric mucosal blood flow, expressed as the summation flow, significantly decreased (p<0-001) in rats treated with ethanol but not so in rats treated with deionised water (Fig. 4) . In rats treated with ethanol, gastric mucosal blood flow, both the summation flow and peak flow at 30 minutes, were significantly higher in those pretreated with sucralfate 100 mg (p<0-0008 and <0-00001 respectively) and 200 mg (both p<0-00001) than in those without sucralfate pretreatment (Fig. 4 ). There were no significant differences in the summation and peak flows (p<O-15 and 0 92 respectively) between sucralfate 100 mg and sucralfate 200 mg. The slope of fall in blood flow was significantly smaller with sucralfate 100 mg and 200 mg than with methylcellulose alone (p<005, 0-02 respectively).
Effect offeeding
In the ethanol experiments, fed rats compared with fasted rats had significantly higher mucosal blood flow, irrespective of whether the mucosa had been (Fig. 5, p<0 .05, 0-002, 0-005 respectively) but not for peak flow at 30 minutes. Fed rats pretreated with either dose of sucralfate had significantly higher summation blood flow (p<0-002, 0-001 respectively) or peak flow at 30 minutes (both p<0-00001) compared with rats not pretreated with sucralfate. The slope of fall in blood flow after ethanol was not significantly different in fasted and fed rats irrespective of whether or not they are pretreated with sucralfate 100 mg, 200 mg.
DOSAGE OF SUCRALFATE
Without ethanol Blood flow increased and reached a peak 15 min (30 min from zero time) after treatment with all doses of sucralfate given (25 mg, 50 mg, 100 mg, 200 mg, and 400 mg). Thereafter it dropped and approached basal value 75 minutes after treatment (within 8% of the basal blood flow). A significant linear relationship was observed between sucralfate dosage and gastric mucosal blood flow as measured by both the summation flow (r=0.732, p<0.001, Fig. 6 ) and the peak flow that occurred at 30 minutes (r=0-783, p<0. o1).
With ethanol
The slope of fall in blood flow after sucralfate 100 mg was significantly smaller than that after 25 mg (p<0-001) and 50 mg (p<0-001) but was not significantly different from that after 200 mg and 400 mg.
Discussion
When ethanol was applied to the gastric mucosa, it induced acute mucosal congestion and ulceration. '7 ' This was accompanied by mucosal vascular stasis with a decrease in mucosal blood flow as shown by the laser doppler'9 and the hydrogen clearance techniques. 2' These findings agree well with our observations that ethanol led to significant mucosal ulcerations in the rat stomach and to a significant fall in gastric mucosal blood flow as measured by the laser doppler technique. Our results also confirmed those of others that sucralfate pretreatment prevented gastric mucosal damage by ethanol.''22 Sucralfate has been shown to bind to normal gastric mucosa, although the affinity is less compared with its affinity for the ulcer base.8 Sucralfate has also been shown recently to have cytoprotective properties. It releases prostaglandins,25 stimulates mucus production23 and bicarbonate secretion,21 and promotes epithelial cell renewal21 from the normal mucosa of rats. The mechanisms by which sucralfate protects gastric mucosa from ethanol injury remain unknown. It has been suggested that the morphologic, histologic, ultrastuructural, and functional features of sucralfate induced gastric mucosal protection are indistinguishable from those induced by prostaglandins`6 and by arachidonic acid, the precursor of prostaglandins. 27 Interestingly, we observed that pretreatment with sucralfate lessened the fall in gastric mucosal blood flow that accompanied ethanol treatment. This is a result of two components of action. First, sucralfate pretreatment led to an initial rise in blood flow. In (Fig. 6 ). This helped to counter balance the subsequent fall after ethanol, as evident by the significantly greater summation flow with sucralfate pretreatment. Second, the slope of the fall after ethanol was significantly less with sucralfate pretreatment than without. This suggested that sucralfate helped to maintain a better blood flow in the face of the ethanol induced fall in blood flow.
It is not known from the present study whether sucralfate induced increase in mucosal blood flow is dependent on prostaglandin. Although several studies showed that exogenous prostaglandins increased basal gastric mucosal blood flow,"'" recent studies using non-antisecretory doses of 16,16-dimethyl prostaglandin E2,32 which successfully prevented ethanol induced gastric mucosal injuries, failed to show any increase in mucosal blood flow. Furthermore, although misoprostol, a synthetic prostaglandin El derivative, appeared to prevent ethanol induced gastric mucosal injuries," it did not increase gastric mucosal blood flow.34 These studies suggest that cytoprotection by prostaglandins does not require an increase in mucosal blood flow as a prerequisite.
The effect of feeding is of interest. Feeding itself appeared to decrease the amount of mucosal damage by ethanol, although the difference did not reach statistical significance. Feeding, however, significantly lessened the fall in gastric mucosal blood flow as induced by ethanol, although feeding itself did not increase the blood flow (Fig. 5) . Feeding also augmented the effect of 100 mg and 200 mg sucralfate in lessening ethanol induced fall in blood flow, as evident by the significantly higher summation flow compared with that in the fasting state, although the slopes of the fall did not differ. Our findings suggested that feeding might have a small but significant contribution to mucosal protection by helping to maintain the gastric mucosal blood flow.
It remains unknown whether improvement in mucosal blood flow per se, either by enhancement or maintenance of flow, confers cytoprotection to gastric mucosa exposed to exogenous or ischaemic injuries. It is tempting to speculate that an improvement in gastric mucosal blood flow may improve the transport of nutrients and bicarbonates to the surface epithelium.3" It is also conceivable that an improvement in mucosal blood flow should contribute towards cytoprotection in situations where ischaemia plays an important pathophysiological role, such as restraint induced stress lesions in rats,3' and stress lesions in the critically ill patients.37 It remains also unclear whether improvement in mucosal blood flow contributes towards ulcer healing. An increase in mucosal blood flow at the edge of the healing gastric ulcer has been shown in man. mucosal blood flow in rats. 
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